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1 Executive summary 

DHI provides independent verification testing services to developers of ballast water manage-
ment systems at the land-based test facility in Hundested, Denmark. DHI’s quality assurance 
project plan is consistent with the requirements of the International Convention for the Control 
and Management of Ships Ballast Water and Sediments (IMO 2004).  

From September through November 2011, DHI conducted a land-based test of the BIO-UV bal-
last water management system, BIO-SEA, in accordance with DHI’s certification by Lloyd’s Reg-
ister verified by Bureau Veritas. During the series of ten valid test cycles, the ability of the BIO-
SEA ballast water management system to (a) successfully treat ballast water without interrup-
tion, (b) meet IMO D-2 discharge standards after a five-day retention period and second treat-
ment and (c) discharge water that is environmentally benign (i.e., no residual toxicity) after the 
five-day retention period and a second treatment, was evaluated.  

The BIO-SEA ballast water management system functioned properly during all test cycles and 
was highly effective at reducing live organism densities in both brackish water and marine wa-
ter fulfilling the IMO consistent challenge conditions. Live organisms in the size classes defined 
in the IMO G8 guidelines (MEPC.174(58) (G8)) were discharged at densities below the IMO D-2 
standard. 

2 Introduction 

DHI is an independent, international consulting and research organisation with the objectives to 
advance technological development and competence within the fields of water, environment 
and health. DHI established a land-based test facility in Hundested, Denmark, in June 2010 with 
the purpose of providing performance evaluation of ballast water management systems 
(BWMS) for the approval process. DHI’s test facility holds a certificate of compliance issued by 
Lloyd’s Register. The present land-based test was inspected and certified by Bureau Veritas. 

DHI has no involvement, intellectual or financial, in the mechanics, design or marketing of the 
BWMS whose performance has presently been evaluated. To ensure that DHI tests are uncom-
promised by any real or perceived individual or team bias relative to test outcomes, DHI test ac-
tivities are subject to rigorous quality assurance, quality control procedures and documentation. 

From September through November 2011, DHI conducted a land-based test of the BIO-UV 
BWMS, BIO-SEA (hereafter BIO-SEA BWMS or BIO-SEA), in accordance with the certification by 
Lloyd’s Register. During the series of ten valid test cycles, the ability of the BIO-SEA BWMS to: 
(a) successfully treat ballast water without interruption, (b) meet IMO D-2 discharge standards 
after a five-day retention period and second treatment and (c) discharge water that is environ-
mentally benign (i.e., no residual toxicity) after the five-day retention period and a second 
treatment, was evaluated. 

For an application for final approval, the IMO Convention requires a performance evaluation of 
the BWMS according to the principles in Resolution MEPC.174(58) (G8) and, when the system is 
using one or more active substances, Resolution MEPC.169(57) (G9). 

The objective of this project was to conduct a land-based test of the BIO-SEA BWMS in accord-
ance with the guidance given in MEPC.174(58) (G8), hereafter referred to as the IMO G8 guide-
lines. 
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2.1 DHI Ballast Water Centre 

The land-based test was carried out by: 
 
DHI 
Agern Allé 5 
DK-2970 Hørsholm 
Denmark  
 
at the land-based test facility: 
 
DHI Maritime Technology Evaluation Facility 
Færgevejen 18 
DK-3390 Hundested 
Denmark 
 
 

 

Figure 2.1 DHI Maritime Technology Evaluation Facility 
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3 Test design 

3.1 Test cycles and trial period 

The BIO-SEA BWMS performance evaluation involved physical and biological characterization of 
water upon ballasting (inlet of water) and comparison of organisms in control versus treated 
water immediately following treatment and at discharge after five days storage and second 
treatment. Biological characterisations supported direct comparison with the IMO D-2 organism 
categories and standards. During a series of five valid brackish water test cycles (3-32 practical 
salinity units, PSU) and five valid marine water test cycles (>32 PSU), the BIO-SEA BWMS was 
tested for its ability to: (a) successfully treat ballast water without interruption, (b) meet IMO D-
2 discharge standards after a five-day retention period and second treatment and (c) discharge 
water that is environmentally benign (i.e., no residual toxicity) after the five-day retention peri-
od and a second treatment. A valid test cycle was one, in which the densities of live organisms in 
the control discharge water were at least 10 times the IMO D-2 standard in accordance with the 
IMO G8 guidelines. 

Table 3.1 Timetable for inlet and discharge operations for all test cycles conducted with the 

BIO-SEA BWMS. Test cycles B-2 to B-6 were conducted with brackish water, and test 

cycles M-1 to M-5 were conducted with marine water. The following test cycle 

pairs were conducted in parallel by use of a common control: B-3 + B-4, M-1 + M-2, 

M-4 + M-5. 

Test cycle 

identification 
Type Inlet Discharge Filter 

Number of  

UV lamps 

Brackish water 

B-2 
Treatment 

2011.09.01 
11:47 

2011.09.06 
10:53 Filtrex 5 

Control 10:35 09:12 - - 

B-3 
Treatment 

2011.09.08 
08:52 

2011.09.13 
08:46 Filtrex 5 

Control 09:26 09:38 - - 

B-4 
Treatment 

2011.09.08 
11:03 

2011.09.13 
11:28 Filtrex 4 

Control 09:26 09:38 - - 

B-5 
Treatment 

2011.10.06 
10:19 

2011.10.11 
10:25 Filtrex 5 

Control 09:16 08:58 - - 

B-6 
Treatment 

2011.10.13 
09:12 

2011.10.18 
08:09 Filtrex 5 

Control 09:48 08:41 - - 

Marine water 

M-1 
Treatment 

2011.09.22 
09:18 

2011.09.27 
08:23 Filtrex 5 

Control 09:58 09:02 - - 

M-2 
Treatment 

2011.09.22 
11:19 

2011.09.27 
10:55 Filtrex 5 

Control 09:58 09:02 - - 

M-3 
Treatment 

2011.10.20 
09:04 

2011.10.25 
09:49 Filtrex 5 

Control 09:36 08:15 - - 

M-4 
Treatment 

2011.10.27 
09:09 

2011.11.01 
08:33 Filtrex 5 

Control 09:43 09:13 - - 

M-5 
Treatment 

2011.10.27 
11:16 

2011.11.01 
10:28 Filtrex 5 

Control 09:43 09:13 - - 
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3.2 Test water and test cycles 

3.2.1 Test water 
Test water is the term describing the water contained in the source tank of the land-based test 
facility. According to the IMO G8 guidelines, the land-based tests shall be conducted at a mini-
mum of two different salinities and with the test water qualities described in Tables 3.2 and 3.3. 

Table 3.2 Target concentrations of DOC, POC and TSS in the test water according to the 

IMO G8 guidelines. PSU, practical salinity units 

Parameter Salinity ranges and parameter concentrations  

 >32 PSU 3-32 PSU <3 PSU 

Dissolved organic carbon (DOC) >1 mg/L >5 mg/L >5 mg/L 

Particulate organic carbon (POC) >1 mg/L >5 mg/L >5 mg/L 

Total suspended solids (TSS) >1 mg/L >50 mg/L >50 mg/L 

 

Table 3.3 Target concentrations of live organisms in the test water according to the IMO G8 

guidelines 

Parameter Density Comment 

Organisms ≥50 µm >100,000/m3 
At least 5 species from at least 3 different phyla/ 
divisions 

Organisms ≥10 µm and <50 µm >1,000/mL 
At least 5 species from at least 3 different phyla/ 
divisions 

Heterotrophic bacteria >10,000/mL Not further defined 

 

The present land-based test was performed with brackish water (3-32 PSU) and marine water 
(>32 PSU). The brackish water was collected at the pier outside the test facility in Hundested 
whereas the marine water was prepared by adding salt brine to the brackish water collected at 
the pier outside the test facility to increase the salinity. 

The target concentrations for the test water were accomplished by specific additions if charac-
terisation of the water samples showed that one or more of the parameters specified in Tables 
3.2 and 3.3 were deviating from the recommended levels. 

If necessary, the concentrations of dissolved organic carbon (DOC), particulate organic carbon 
(POC) and total suspended solids (TSS = POC + mineral materials) were increased by addition of 
lignin sulphonate, starch and kaolin, respectively.  

If necessary, the numbers of live organisms were increased by additions of harvested indige-
nous organisms and/or cultures of indigenous organisms or strains of the marine green alga 
Tetraselmis suecica and the marine crustacean Artemia salina. 

3.2.2 Test cycles 
A total of ten test cycles, five with brackish water and five with marine water were performed as 
indicated in Table 3.1. One additional test cycle (test cycle B-1) was performed with 6 UV lamps 
(see Appendices B and C) The first and second treatment procedures applied in each test cycle 
are described below. 
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3.2.2.1 First treatment of test water 

The first treatment of the test water included the following steps: 

1 Test water, approx. 200 m3, was pumped at a rate of 500 m3/h from the source tank 
through the BWMS for treatment and subsequently into one of the retention tanks 

2 Test water, approx. 200 m3, was pumped at a rate of 300 m3/h from the source tank direct-
ly into the control tank 

3 Piping system and sample ports were cleaned. 
 
During ballasting, the flow, pressure, water level, temperature, pH, salinity, turbidity and oxygen 
level were recorded automatically by use of on-line monitoring. 

Samples for documentation of biological performance and water quality before and after treat-
ment were collected. 

The treated test water was stored in the retention tank for a minimum of 5 days ± 2 hours after 
treatment in the BWMS. The same storage time was applied for the test water, which was di-
rected to the control tank without treatment. During storage, both the treated water and control 
water were stirred slowly. 

3.2.2.2 Second treatment of test water 

1 Treated test water (approx. 200 m3) contained in the retention tank for 5 days was pumped 
at a rate of approx. 500 m3/h through the BWMS for second treatment, after which it was 
discharged into the harbour. 

2 Untreated test water (approx. 200 m3) from control tank was discharged into the harbour. 
3 The retention tanks, piping system and sample ports were cleaned. 
 
During de-ballasting, the flow, pressure, water level, temperature, pH, salinity, turbidity and ox-
ygen concentration were recorded by use of on-line monitoring. 

Samples for documentation of biological performance and water quality at discharge were col-
lected. 

Furthermore, samples for documentation of control validity and water quality were collected 
from the control tank at discharge. 
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3.3 Sampling 

3.3.1 Sample overview 
The type of samples and the points of sampling are summarized in Table 3.4. 

Table 3.4 Sampling scheme. *Only measurement of primary production 

Parameter 

Ballasting operations 

In
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t 
to

 c
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n
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l 
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 t
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tm
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2
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d
 t

re
a

t-

m
e

n
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Volume X X X X 

Pressure X X X X 

Flow rate X X X X 

Water quality conditions 

Temperature, salinity, turbidity, pH 
and dissolved oxygen 

X X X X 

Total suspended solids X X X X 

Dissolved organic carbon and particu-
late organic carbon 

X - X X 

Whole effluent toxicity tests - - X X 

Biological diversity and concentrations 

Ambient viable organisms/m3 ; ≥50 µm X X X X 

Ambient viable organisms/mL;  ≥10 
and <50 µm 

X X* X X 

Ambient viable organisms/mL; hetero-
trophic bacteria; E. coli; enterococci 
and Vibrio cholerae 

X X X X 

 

The samples and the related analytical parameters are described in Tables 3.5-3.7. 
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Table 3.5 Samples from inlet to control and treatment tanks 

Parameter SOP No. Sampled volume (L) 

≥10 - <50 µm – primary production 30/1702 10 

≥10 - <50 µm – microscopy counting 30/1701 10 

≥10 - <50 µm – most probable number (MPN) assay 30/1704 10 

≥50 µm – microscopic counting 30/1700 20 

E. coli and enterococci 30/1708 0.5 

Heterotrophic bacteria 30/1705 0.5 

Total suspended solids 30/1768 0.5-2.5 

Dissolved organic carbon and particulate organic carbon 30/1769 0.5 

Temperature, pH, dissolved oxygen, salinity and turbidity 30/1764 Online 

 

Table 3.6 Treated samples collected immediately after first treatment 

Parameter SOP No. Sampled volume (L) 

≥10 - <50 µm – primary production 30/1702 10 

≥50 µm – microscopic counting 30/1700 1,000 

E. coli and enterococci 30/1708 0.5 

Heterotrophic bacteria 30/1705 0.5 

Total suspended solids 30/1768 0.5-2.5 

Temperature, pH, dissolved oxygen, salinity and turbidity 30/1764 Online 

 

Table 3.7 Control and treated discharge samples. Samples for whole effluent toxicity tests 

were collected during test cycle B-6 (results are reported separately). 

Parameter SOP No. Sampled volume (L) 

≥10 - <50 µm – primary production 30/1702 10 

≥10 - <50 µm – most probable number (MPN) assay 30/1704 10 

≥50 µm – microscopic counting 30/1700 1,000 

E. coli and enterococci 30/1708 0.5 

Vibrio cholerae 30/1707 0.5 

Heterotrophic bacteria 30/1705 0.5 

Total suspended solids 30/1768 0.5-2.5 

Dissolved organic carbon and particulate organic carbon 30/1769 0.5 

Temperature, pH, dissolved oxygen, salinity and turbidity 30/1764 Online 

Whole effluent toxicity tests 30/1739 50-100 
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3.4 Analyses 

3.4.1 Organism size class ≥50 µm 
In the samples, the concentrations of viable organisms ≥50 μm were determined by using a ste-
reo microscope and a counting chamber. Viable organisms were determined after staining with 
Neutral Red on the basis of observed mobility. The viable organisms were characterized accord-
ing to broad taxonomic groups. 

3.4.2 Organism size class ≥10 and <50 µm 
In the inlet water, the concentrations of viable organisms in the size class ≥10 and <50 µm were 
determined by a combination of two different methods: Analysis of phytoplankton re-growth by 
use of a most probable number (MPN) assay and inverted microscopy after addition of Lugol’s 
solution. Detailed examination of the algal chloroplasts was applied to confirm that the organ-
isms were alive before the addition of Lugol’s solution. The major taxonomic groups present in 
the sample were noted for each test cycle.  

In the control discharge water and the treated discharge water, the concentrations of viable or-
ganisms in the size class ≥10 and <50 µm were determined by a combination of two different 
methods: Analysis of phytoplankton re-growth by use of a most probable number (MPN) assay 
and measurement of primary production by 14C incorporation. The MPN assay was consolidated 
by identification, to the level of taxa or species, of algae that were present in the inlet water and 
algae that were able to grow under the conditions applied in the MPN assay.  

3.4.3 Bacteria 
Heterotrophic bacteria, Escherichia coli, enterococci and Vibrio cholera, were analyzed according 
to internationally accepted methods. 

4 Results 

4.1 Physical/chemical parameters 

DOC, POC and TSS were in the range of the recommended minimum in the IMO G8 guidelines. 
The physical/chemical conditions of inlet and discharge waters are summarized in Tables 4.1 
and 4.2. 

Table 4.1 Brackish water test cycles. Average concentrations of selected parameters: TSS, 

total suspended solids; DOC, dissolved organic carbon; POC, particulate organic 

carbon; UV-T, UV-transmittance; PSU, practical salinity units; NR, no requirement. 

Parameter IMO G8 target Sample B-2 B-3 B-4 B-5 B-6 

TSS  
(mg/L) 

>50 Inlet 55.2 50.3 50.1 57.0 55.4 

NR Discharge 31.7 26.7 29.1 41.6 42.0 

DOC 
(mg/L) 

>5 Inlet 5.54 4.97 4.88 4.73 5.95 

NR Discharge 5.19 5.02 4.53 4.24 5.37 

POC  
(mg/L) 

>5 Inlet 6.23 6.00 6.42 6.13 5.92 

NR Discharge 2.73 1.96 2.79 3.64 2.76 

UV-T  
(%) 

NR Inlet 59 58 58 54 55 

Salinity 
(PSU) 

3-32 
Inlet and 
discharge 

17.1 17.2 17.2 17.4 18.0 
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Table 4.2 Marine water test cycles. Average concentrations of selected parameters: TSS, 

total suspended solids; DOC, dissolved organic carbon; POC, particulate organic 

carbon; UV-T, UV-transmittance; PSU, practical salinity units; NR, no requirement. 

Parameter IMO G8 target Sample M-1 M-2 M-3 M-4 M-5 

TSS  
(mg/L) 

>1 Inlet 12.3 13.5 8.98 9.80 10.2 

NR Discharge 4.78 5.69 3.86 3.44 3.76 

DOC 
(mg/L) 

>1 Inlet 3.23 3.23 3.15 2.28 2.14 

NR Discharge 3.56 3.57 2.54 2.38 2.37 

POC  
(mg/L) 

>1 Inlet 2.82 2.84 3.09 2.77 2.91 

NR Discharge 0.40 0.47 1.96 0.76 1.02 

UV-T  
(%) 

NR Inlet 80 80 83 87 87 

Salinity 
(PSU) 

3-32 
Inlet and 
discharge 

35.9 35.9 33.9 33.8 36.4 

 

4.2 Biological parameters in inlet and control discharge waters 

4.2.1 Live plankton concentrations 
The densities of live organisms in the inlet water and in the control discharge water were in ac-
cordance with the G8 guidelines during all completed test cycles (Tables 4.3 and 4.4).  

In the ≥50 µm size class, the densities of live organisms in the inlet water ranged from 134,389 
to 174,240 organisms/m3 in the brackish water test cycles and from 105,569 to 218,333 organ-
isms/m3 in the marine water test cycles. The densities of live organisms in the control discharge 
water ranged from 35,502 to 84,411 organisms/m3 in the brackish water test cycles and from 
28,319 to 45,129 organisms/m3 in the marine water test cycles. 

Based on the most probable number (MPN) assay, inlet water concentrations of the smaller 
planktonic organisms (≥10 and <50 µm) ranged from 4,133 to 9,200 organisms/mL in the 
brackish water test cycles and from 3,133 to 12,467 organisms/mL in the marine water test cy-
cles. The densities of live organisms in the control discharge water were higher than 100 organ-
isms/mL in all test cycles.  

Based on inverted microscopy, inlet water concentrations of the smaller planktonic organisms 
(≥10 and <50 µm) ranged from 1,042 to 4,664 organisms/mL in the brackish water test cycles 
and from 1,794 to 2,189 organisms/mL in the marine water test cycles. The densities of live or-
ganisms in the control discharge water were higher than 100 organisms/mL in all test cycles.  
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Table 4.3 Brackish water test cycles. Live plankton concentrations in the inlet water and in 

the control discharge water. Organisms in the size class ≥10 and <50 µm were 

determined by most probable number (MPN) assay (bold figures) and inverted 

microscopy (inlet, lower value) 

Size category 
IMO G8 

target 
Sample B-2 B-3 B-4 B-5 B-6 

≥50 µm 
(organisms/m3) 

>100,000 Inlet 134,389 153,529 148,179 174,240 153,011 

>100 
Control 

discharge 
51,103 35,502 35,502 73,379 84,411 

≥10 and <50 µm 
(organisms/mL) 

>1,000 Inlet 
8,833 
1,116 

4,133 
4,664 

4,133 
4,664 

7,933 
1,914 

9,200 
1,042 

>100 
Control 

discharge 
230 >1,600 >1,600 1,247 >1,600 

 

Table 4.4 Marine water test cycles. Live plankton concentrations in the inlet water and in the 

control discharge water. Organisms in the size class ≥10 and <50 µm were 

determined by most probable number (MPN) assay (bold figures) and inverted 

microscopy (inlet, lower value) 

Size category 
IMO G8 

target 
Sample M-1 M-2 M-3 M-4 M-5 

≥50 µm 
(organisms/m3) 

>100,000 Inlet 132,311 110,460 105,569 186,922 218,333 

>100 
Control 

discharge 
41,459 41,459 28,319 45,129 45,129 

≥10 and <50 µm 
(organisms/mL) 

>1,000 Inlet 
7,567 
2,189 

7,567 
2,189 

12,467 
2,054 

3,133 
1,794 

3,133 
1,794 

>100 
Control 

discharge 
603 603 >1,600 >1,600 >1,600 

 

4.2.2 Planktonic diversity in inlet water 
The diversity of the plankton in the inlet water was in accordance with the IMO G8 guidelines (5 
different species divided between 3 different phyla). Tables 4.5 to 4.8 present an overview of the 
types of organisms that were identified in the respective test cycles. 
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Table 4.5 Brackish water test cycles. Live plankton diversity (≥50 µm) in the inlet water. 

Phyla or subphyla Species B-2 B-3 B-4 B-5 B-6 

Annelida 
Polychaete, nereid X - - - - 

Spionid polychaete X X X X X 

Bryozoa Bryozoa X X X - X 

Ciliophora Ciliate X - - - - 

Crustacea 

Acartia clausi X X X X X 

Acartia longiremis - - - - X 

Artemia sp. X X X X X 

Balanus sp. X X X X X 

Copepod nauplii X X X - - 

Harpacticoid copepod X X X X X 

Oithona atlantica - - - X X 

Oithona similis X X X X X 

Paracalanus parvus - - - X X 

Pseudocalanus minitus - - - X - 

Echinodermata Pluteus, echinodermata - X X - - 

Mollusca 
Gastropod veliger X X X - X 

Mytilus veliger X X X X X 

Platyhelminthes Non-segmented worm X - - - - 

Rotifera Rotifera, synchaeta X X X X X 

Sarcomastigophora Ceratium tripos X X X X X 

 

Table 4.6 Marine water test cycles. Live plankton diversity (≥50 µm) in the inlet water. 

Phyla or subphyla Species M-1 M-2 M-3 M-4 M-5 

Annelida Spionid polychaete X X X X X 

Bryozoa Bryozoa - - X - - 

Crustacea 

Acartia clausi X X X X X 

Acartia longiremis - - X - - 

Artemia sp. X X X X X 

Balanus sp. X X X X X 

Centropages hamatus - - X X X 

Copepod nauplii X X - - - 

Harpacticoid copepod X X - - - 

Oithona atlantica X X X X X 

Oithona similis X X X X X 

Oncaea borealis - - - X X 

Paracalanus parvus - - X X X 

Pseudocalanus minitus X X - - - 

Echinodermata Pluteus, echinodermata X X - - - 

Mollusca Mytilus veliger X X - X X 

Rotifera 
Trichocerca marina - - - X X 

Rotifera, synchaeta - - X X X 

Sarcomastigophora Ceratium tripos X X X X X 
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Table 4.7 Brackish water test cycles. Live plankton diversity (≥10 and <50 µm) in the inlet 

water. 

Taxa or groups Species B-2 B-3 B-4 B-5 B-6 

Bacillariophyceae 

Cerataulina pelagica - - - X - 

Chaetoceors similis X - - - - 

Chaetoceros conmpressus - X X - - 

Chaetoceros socialis X X X X X 

Guinardia flaccida X - - - - 

Leptocylindrus minimus - - - X - 

Melosira nummuloides - - - X X 

Phaeodactylum tricornutum - - - X X 

Rhizosolenia sp. X - - - - 

Skeletonema costatum - - - - X 

Chlorophyceae Tetraselmis sp. X X X X X 

Dinophyceae 

Ceratium furca - - - - X 

Gymnodinium sp. X X X - - 

Heterocapsa triquetra - - - X X 

Prorocentrum micans X - - X X 

 

Table 4.8 Marine water test cycles. Live plankton diversity (≥10 and <50 µm) in the inlet 

water. 

Taxa or groups Species M-1 M-2 M-3 M-4 M-5 

Bacillariophyceae 

Cerataulina pelagica - - X X X 

Chaetoceros curvisetus X X - - - 

Chaetoceros wighamii - - - X X 

Leptocylindrus minimus - - X - - 

Melosira nummuloides X X X - - 

Phaeodactylum tricornutum - - X X X 

Pseudonitzschia sp. - - X - - 

Rhizosolenia hebetata - - X - - 

Skeletonema costatum - - X X X 

Thalassiosira nordenskioldii - - - X X 

Thalassiosira rotula/gravida - - X - - 

Chlorophyceae Tetraselmis sp. X X X - - 

Cryptophyceae Cryptophyte sp. - - X X X 

Dinophyceae 

Gymnodinium sp. - - X - - 

Heterocapsa triquetra - - X X X 

Prorocentrum micans X X - X X 

Prorocentrum minima - - - X X 

 

4.2.3 Bacterial concentrations 
The concentrations of bacteria in the inlet water and the control discharge water are summa-
rized in Tables 4.9 and 4.10. 
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Table 4.9 Brackish water test cycles. Bacterial concentrations in the inlet water and the 

control discharge water. CFU, colony forming units; NR, no requirement. 

Organism 
IMO G8 

target 
Sample B-2 B-3 B-4 B-5 B-6 

E. coli 
(CFU/100 mL) 

NR Inlet 7.50 12.17 12.17 35.50 243.33 

NR 
Control 

discharge 
16.67 25.33 25.33 80.00 2,420 

Enterococci 
(CFU/100 mL) 

NR Inlet 1,962 492 492 338 328 

NR 
Control 

discharge 
959 1,089 1,089 45 58 

Heterotrophic 
bacteria 

(CFU/mL) 

>10,000 Inlet 50,133 33,550 33,550 46,417 41,667 

NR 
Control 

discharge 
114,583 236,167 236,167 120,000 >200,000 

 

Table 4.10 Marine water test cycles. Bacterial concentrations in the inlet water and the 

control discharge water. CFU, colony forming units; NR, no requirement. 

Organism 
IMO G8 

target 
Sample M-1 M-2 M-3 M-4 M-5 

E. coli 
(CFU/100 mL) 

NR Inlet 120.83 120.83 675.33 182.67 182.67 

NR 
Control 

discharge 
37.17 37.17 68.83 44.17 44.17 

Enterococci 
(CFU/100 mL) 

NR Inlet 407 407 1,676 722 722 

NR 
Control 

discharge 
143 143 2,131 196 196 

Heterotrophic 
bacteria 

(CFU/mL) 

>10,000 Inlet 261,000 261,000 767,500 123,167 123,167 

NR 
Control 

discharge 
196,667 196,667 120,417 148,167 148,167 

 

4.3 Viable organisms in treated discharge water 

The treatment efficiency as defined by the threshold densities of the specific organism catego-
ries in IMO D-2 was accomplished during five test cycles with brackish water (3-32 PSU) and 
five test cycles with marine water (>32 PSU). 

4.3.1.1 Organism size class ≥50 µm 

The densities of live organism ≥50 µm decreased dramatically immediately after first treatment 
(>99% reduction) in both brackish water and marine water test cycles.  The average density of 
live organisms ≥50 µm ranged from 0 to 3.33 individuals per m3 in the brackish water test cy-
cles. No live organisms ≥50 µm were found in the treated discharge water in any of the marine 
water test cycles (Tables 4.11 and 4.12).  

4.3.1.2 Organism size class ≥10 µm and <50 µm 

In the treated discharge water, the densities of live organisms in the size class ≥10 and <50 µm 
were consistently below 10 organisms/mL when determined by using the re-growth/MPN as-
say. The enumeration of algae by use of the MPN assay is directly related to growth, and the 
MPN values (results) were supported by a substantial reduction of the primary production (Ta-
bles 4.11 and 4.12). 
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Table 4.11 Brackish water test cycles. Live plankton concentrations after the first treatment, in 

treated discharge water after the second treatment and primary production data 

as additional evidence of treatment efficiency. Organisms in the size class ≥10 and 

<50 µm were determined by most probable number (MPN) assay. Data on primary 

production are expressed as the percentage reduction of the measured primary 

production in inlet water samples. NR, no requirement. 

Size class 
IMO G8 

target 
Sample B-2 B-3 B-4 B-5 B-6 

≥50 µm 
(org./m3) 

NR 1st treatment 50.5 48.9 30.0 31.7 11.5 

<10 
2nd treatment 
discharge 

0.42 3.33 3.33 0.00 2.89 

≥10 and <50 µm 
(org./mL) 

<10 
2nd treatment 
discharge 

<0.18 <0.18 0.19 0.19 0.51 

≥10 and <50 µm 
(% red.) 

NR 
1st treatment 
Primary production 

99.0 98.7 96.9 97.6 97.2 

NR 
2nd treatment 
discharge 
Primary production 

100.0 100.0 100.0 99.7 99.9 

 

Table 4.12 Marine water test cycles. Live plankton concentrations after the first treatment, in 

treated discharge water after the second treatment and primary production data 

as additional evidence of treatment efficiency. Organisms in the size class ≥ 10 

and < 50 µm were determined by most probable number (MPN) assay. Data on 

primary production are expressed as the percentage reduction of the measured 

primary production in inlet water samples. NR, no requirement. 

Size class 
IMO G8 

target 
Sample M-1 M-2 M-3 M-4 M-5 

≥50 µm 
(org/m3) 

NR 1st treatment 17.8 11.1 15.6 15.0 5.83 

<10 2nd treatment discharge 0.00 0.00 0.00 0.00 0.00 

≥10 and <50 µm 
(org/mL) 

<10 2nd treatment discharge 0.28 0.19 0.19 <0.18 <0.18 

≥10 and <50 µm 
(% red.) 

NR 
1st treatment 
Primary production 

99.2 99.1 99.6 98.3 99.7 

NR 
2nd treatment discharge 
Primary production 

100.0 99.9 100.0 99.5 99.7 

 

The ability of algal species to grow is the meaningful definition of viability in an evaluation, of 
which the target is to determine the efficiency of treatment to reduce the potential of the species 
in ballast water to proliferate and survive in the natural environment. Both the MPN assay and 
the measurement of primary production include algae with a dimension of less than 10 µm, 
which pulls the analyses to the conservative side. On the other hand, measurable growth in the 
MPN assay depends on the algae’s ability to grow under the applied conditions (e.g., nutrients, 
light and temperature). During the current land-based tests, growth under the conditions ap-
plied in the MPN assay has been confirmed for 88% of the algal species found in the brackish in-
let water and 82% of the algal species found in the marine inlet water (Table 4.13). These ob-
servations show that the conditions in the MPN assay supported growth of more than 82% of 
the species in the inlet water representing a broad range of algal groups and, therefore, the MPN 
assay is considered to be a robust measure of viable phytoplankton in the discharge water.   
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Table 4.13 List of algal species capable of growing under the conditions applied in the most 

probable number (MPN) assay 

Groups Alga taxa 

Bacillariophyceae 

Amphora sp. 
Attheya decora 
Cerataulina pelagica 
Chaetoceros ceratosporus 
Chaetoceros affinis 
Chaetoceros compressus 
Chaetoceros coronatus 
Chaetoceros debilis 
Chaetoceros diadema 
Chaetoceros similis 
Chaetoceros socialis 
Chaetoceros wighamii 
Cylindrotheca closterium/Nitzschia 
longissima 
Cymbella spp. 
Dactyliosen fragilissimus 
Diploneis sp. 
Ditylum brightwellii 
Entomoneis sp 

Fragilaria spp. 
Gonioceros septentrionalis 
Grammatophora sp. 
Guinardia delicatula 
Leptocylindrus danicus 
Leptocylindrus minimus 
Licmophora sp. 
Melosira nummuloides 
Navicula spp. 
Phaeodactylum tricornutum 
Proboscia alata 
Pseudonitzschia sp. 
Skeletonema costatum 
Synedra sp. 
Thalassiosira constricta 
Thalassiosira gravida/rotula 
Thalassiosira nordenskioldii 
Thalassiosira spp. 

Cryptophyceae Rhodomonas sp. cf. Cryptomonas sp. 

Dinophyceae 

Ceratium furca 
Dinophysis sp. 
Gymnodinium sp. 
cf. Gyrodinium spirale 
Heterocapsa triquetra 

Katodinium glaucum 
Peridiniella danica 
Prorocentrum micans 
Prorocentrum minimum 

Euglenophyceae Eutreptiella sp.  

Chlorophyceae 
cf Chlamydomonas 
cf Pyramimonas sp. 

Tetraselmis sp. 

Haptophyceae Haptophyte sp. cf. Chrysochromulina polylepis 

Other Green flagellates Macroalgae 

 

4.3.1.3 Bacteria 

The densities of live bacteria in the treated discharge water were consistently below the IMO D-
2 standard in all test cycles (Tables 4.14 and 4.15). 
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Table 4.14 Brackish water test cycles. Bacterial concentrations after the first treatment and in 

the treated discharge water 

Organism 

IMO 

G8 

target 

Sample B-2 B-3 B-4 B-5 B-6 

E. coli 
(CFU/100 mL) 

<250 
2nd treat-
ment 
discharge 

<1.00 <1.00 <1.00 <1.00 <1.00 

V. cholerae 
(CFU/100 mL) 

<1 
2nd treat-
ment 
discharge 

Negative Negative Negative Negative Negative 

Enterococci 
(CFU/100 mL) 

<100 
2nd treat-
ment 
discharge 

<1.00 <1.00 <1.00 <1.00 <1.00 

Heterotrophic 
bacteria 

(CFU/mL) 

NR 
1st treat-
ment 

36.7 162 61.0 20.3 99.8 

NR 
2nd treat-
ment 
discharge 

33.7 232 109 32.3 75.0 

 

Table 4.15 Marine water test cycles. Bacterial concentrations after the first treatment and in 

the treated discharge water 

Organism 

IMO 

G8 

target 

Sample M-1 M-2 M-3 M-4 M-5 

E. coli 
(CFU/100 mL) 

<250 
2nd treat-
ment 
discharge 

<1.00 <1.00 <1.00 <1.00 <1.00 

V. cholera 
(CFU/100 mL) 

<1 
2nd treat-
ment 
discharge 

Negative Negative Negative Negative Negative 

Enterococci <100 
2nd treat-
ment 
discharge 

<1.00 <1.00 <1.00 <1.00 <1.00 

Heterotrophic 
bacteria 

(CFU/mL) 

NR 
1st treat-
ment 

109 49.7 361 114 32.7 

NR 
2nd treat-
ment 
discharge 

56.7 43.0 26.7 44.0 18.7 

4.4 Conclusion on the performance evaluation in the land-based test 

The BIO-SEA BWMS functioned properly during the ten test cycles and was highly effective at 
reducing live organism densities under the applied brackish water and marine water conditions. 
The densities of live organisms in the size classes and the densities of specific bacteria defined in 
the IMO G8 guidelines were below the IMO D-2 standard in the treated discharge water in all 
test cycles with brackish water (3-32 PSU) and in all test cycles with marine water (>32 PSU).  

All ten test cycles are considered to fulfil the validity criterion of the IMO G8 guidelines as the 
organism densities in the control discharges were >100/m3 (≥50 µm) and >100/mL (≥10 and 
<50 µm) (MPN assay), respectively.  



DHI  
 

 

EAT/11809488/Report No. 1/ BIO-SEA /2012.03.14 18 
 

5 Literature 

IMO (2004). Adoption of the final act and any instruments, recommendations and resolutions 
resulting from the work of the conference. International convention for the control and man-
agement of ships' ballast water and sediments, BWM/CONF/36 (D2). 

IMO (2008). Guidelines for approval of ballast water management systems (G8). Resolution 
MEPC.174(58). 

IMO (2008). Procedure for approval of ballast water management systems that make use of ac-
tive substances (G9). Resolution MEPC.169(57). 

 

 



DHI  
 

 

EAT/11809488/ Report No. 1/ BIO-SEA /2012.03.14  
 

 

A P P E N D I X  A  

QMP and QAPP with Amendments Nos. 1 and 2 
 

 

 

 























































































































DHI  
 

 

EAT/11809488/ Report No. 1/ BIO-SEA /2012.03.14  
 

 

A P P E N D I X  B  

Data logging from the land-based testing 
 

 

 

 



DHI  
 

 

EAT/11809488/Report No. 1/ BIO-SEA /2012.03.14 B-1 
 
 

Table B-1 Test cycle B-1 

Description Data Comments 

Client treatment system BIO-SEA  

Salinity (PSU) 17.1  

Retention tank no. C  

Test cycle B-1  

System cleaned before inlet Yes  

Date and time inlet start 2011.09.01 09:56  

Date and time inlet stop 2011.09.01 10:22  

Flow during inlet (average) 506 m3/h  

Power consumption during inlet 138 kW Provided by BIO-UV 

Treated volume during inlet 212 m3  

App. volume used for treatment 223 m3  

System cleaned before discharge Yes  

Date and time discharge start 2011.09.06 08:36  

Date and time discharge stop 2011.09.06 09:00  

Flow during discharge (average) 507 m3/h  

Power consumption during discharge 138 kW Provided by BIO-UV 

Treated volume during discharge 212 m3  

Use of cultured organisms Yes Artemia and Tetraselmis 

Filter Filtrex  

UV units 6  

 

Table B-2 Test cycle B-1 

On-line measurements 
DO sat. 

(%) 
pH 

Salinity 

(PSU) 

Temper-

ature 

(C°) 

Turbidity 

(NTU) 

Control inlet (T0) 95.81±0.04 8.07±0.00 16.72±1.60 16.05±0.01 29.38±0.57 

BIO-SEA inlet (T0) 96.03±0.23 8.06±0.00 17.08±0.00 16.04±0.01 31.47±3.75 

BIO-SEA 1st treatment (T0) 97.19±4.12 8.00±0.01 16.71±1.77 16.25±0.04 33.21±2.03 

BIO-SEA inlet (T5) 71.86±1.60 7.69±0.01 17.09±0.02 17.25±0.00 20.83±1.74 

BIO-SEA 2nd treatment (T5) 74.78±7.62 7.63±0.02 17.00±0.37 17.44±0.09 21.26±1.45 

Control discharge (T5) 74.04±3.45 7.71±0.00 17.09±0.02 17.73±0.03 25.56±1.60 
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Table B-3 Test cycle B-2 

Description Data Comments 

Client treatment system BIO-SEA  

Salinity (PSU) 17.1  

Retention tank no. B  

Test cycle B-2  

System cleaned before inlet Yes  

Date and time inlet start 2011.09.01 11:47  

Date and time inlet stop 2011.09.01 12:13  

Flow during inlet (average)  511 m3/h  

Power consumption during inlet 115 kW Provided by BIO-UV 

Treated volume during inlet 205 m3  

App. volume used for treatment 232 m3  

System cleaned before discharge Yes  

Date and time discharge start 2011.09.01 10:53  

Date and time discharge stop 2011.09.01 11:16  

Flow during discharge (average) 507 m3/h  

Power consumption during discharge 115 kW Provided by BIO-UV 

Treated volume during discharge 205 m3  

Use of cultured organisms  Yes Artemia and Tetraselmis 

Filter Filtrex  

UV units 5  

 

Table B-4 Test cycle B-2 

On-line measurements 
DO sat. 

(%) 
pH Salinity 

Temper-

ature 

(C°) 

Turbidity 

(NTU) 

Control inlet (T0) 95.81±0.04 8.07±0.00 16.72±1.60 16.05±0.01 29.38±0.57 

BIO-SEA inlet (T5) 96.80±0.68 8.07±0.00 17.08±0.01 16.20±0.03 30.53±1.28 

BIO-SEA 1st treatment (T0) 96.64±1.35 8.01±0.01 17.07±0.13 16.62±0.73 33.39±1.25 

BIO-SEA inlet (T5) 77.18±1.22 7.78±0.00 17.08±0.01 17.68±0.01 23.44±5.42 

BIO-SEA 2nd treatment (T5) 78.86±4.13 7.72±0.00 17.06±0.01 17.86±0.01 22.23±1.08 

Control discharge (T5) 74.04±3.45 7.71±0.00 17.09±0.02 17.73±0.03 25.56±1.60 
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Figure B-1 BIO-SEA test cycles B-1 and B-2 inlet 

 

Figure B-2 BIO-SEA test cycles B-1 and B-2 discharge 
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Table B-5 Test cycle B-3 

Description Data Comments 

Client treatment system BIO-SEA  

Salinity (PSU) 17.2  

Retention tank no. C  

Test cycle B-3  

System cleaned before inlet Yes  

Date and time inlet start 2011.09.08 08:52  

Date and time inlet stop 2011.09.08 09:17  

Flow during inlet (average)  504 m3/h  

Power consumption during inlet 115 kW Provided by BIO-UV 

Treated volume during inlet 210 m3  

App. volume used for treatment 213 m3  

System cleaned before discharge Yes  

Date and time discharge start 2011.09.13 08:46  

Date and time discharge stop 2011.09.13 09:08  

Flow during discharge (average) 511 m3/h  

Power consumption during discharge 115 kW Provided by BIO-UV 

Treated volume during discharge 210 m3  

Use of cultured organisms  Yes Artemia and Tetraselmis 

Filter Filtrex  

UV units 5  

 

Table B-6 Test cycle B-3 

On-line measurements 
DO sat. 

(%) 
pH Salinity 

Temper-

ature 

(C°) 

Turbidity 

(NTU) 

Control inlet (T0) 98.94±0.12 8.18±0.00 17.24±0.01 15.67±0.00 30.85±0.26 

BIO-SEA inlet (T0) 99.77±0.43 8.18±0.00 17.24±0.00 15.72±0.01 32.77±1.06 

BIO-SEA 1st treatment (T0) 99.71±1.12 8.10±0.00 17.22±0.03 15.89±0.02 32.02±0.98 

BIO-SEA inlet (T5) 70.75±2.51 7.71±0.00 17.23±0.02 16.96±0.01 18.51±4.10 

BIO-SEA 2nd treatment (T5) 73.14±2.43 7.65±0.03 17.19±0.01 17.13±0.01 18.12±0.57 

Control discharge (T5) 75.20±1.03 7.80±0.00 17.23±0.01 17.37±0.02 24.28±1.23 
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Table B-7 Test cycle B-4 

Description Data Comments 

Client treatment system BIO-SEA  

Salinity (PSU) 17.2  

Retention tank no. B  

Test cycle B-4  

System cleaned before inlet Yes  

Date and time inlet start 2011.09.08 11:03  

Date and time inlet stop 2011.09.08 11:28  

Flow during inlet (average)  504 m3/h  

Power consumption during inlet 93 kW Provided by BIO-UV 

Treated volume during inlet 203 m3  

App. volume used for treatment 215 m3  

System cleaned before discharge Yes  

Date and time discharge start 2011.09.13 11:22  

Date and time discharge stop 2011.09.13 11:43  

Flow during discharge (average) 507 m3  

Power consumption during discharge 92 kW Provided by BIO-UV 

Treated volume during discharge 203 m3  

Use of cultured organisms  Yes Artemia and Tetraselmis 

Filter Filtrex  

UV units 4  

 

Table B-8 Test cycle B-4 

On-line measurements 
DO sat. 

(%) 
pH Salinity 

Temper-

ature 

(C°) 

Turbidity 

(NTU) 

Control inlet (T0) 98.94±0.12 8.18±0.00 17.24±0.01 15.67±0.00 30.85±0.26 

BIO-SEA inlet (T0) 99.41±0.13 8.19±0.00 17.24±0.00 15.73±0.01 31.91±0.42 

BIO-SEA 1st treatment (T0) 99.58±0.29 8.11±0.00 17.22±0.01 15.86±0.01 32.16±0.54 

BIO-SEA inlet (T5) 71.55±0.78 7.78±0.00 17.24±0.01 17.23±0.01 18.14±2.65 

BIO-SEA 2nd treatment (T5) 72.88±0.90 7.72±0.00 17.17±0.01 17.38±0.01 19.04±0.66 

Control discharge (T5) 75.20±1.03 7.80±0.00 17.23±0.01 17.37±0.02 24.28±1.23 
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Figure B-3 BIO-SEA test cycles B-3 and B-4 inlet  

 

Figure B-4 BIO-SEA test cycles B-3 and B-4 discharge 
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Table B-9 Test cycle M-1 

Description Data Comments 

Client treatment system BIO-SEA  

Salinity (PSU) 35.9  

Retention tank no. C  

Test cycle M-1  

System cleaned before inlet Yes  

Date and time inlet start 2011.09.22 09:18  

Date and time inlet stop 2011.09.22 09:44  

Flow during inlet (average)  507 m3/h  

Power consumption during inlet 76 kW Provided by BIO-UV 

Treated volume during inlet 217 m3  

App. volume used for treatment 226 m3  

System cleaned before discharge Yes  

Date and time discharge start 2011.09.27 08:23  

Date and time discharge stop 2011.09.27 08:46  

Flow during discharge (average) 506 m3/h  

Power consumption during discharge 76 kW Provided by BIO-UV 

Treated volume during discharge 217 m3  

Use of cultured organisms  Yes Artemia and Tetraselmis 

Filter Filtrex  

UV units 5  

 

Table B-10 Test cycle M-1 

On-line measurements 
DO sat. 

(%) 
pH Salinity 

Temper-

ature 

(C°) 

Turbidity 

(NTU) 

Control inlet (T0) 106.28±0.07 7.98±0.00 35.93±0.01 14.60±0.01 3.66±0.20 

BIO-SEA inlet (T0) 106.68±0.31 7.96±0.01 35.94±0.00 14.62±0.01 5.29±1.42 

BIO-SEA 1st treatment (T0) 107.82±3.04 7.90±0.01 35.76±0.35 14.74±0.02 5.33±0.40 

BIO-SEA inlet (T5) 76.20±1.40 7.58±0.01 35.94±0.02 15.46±0.01 2.55±2.01 

BIO-SEA 2nd treatment (T5) 77.45±1.77 7.49±0.03 35.85±0.07 15.59±0.01 2.81±1.03 

Control discharge (T5) 77.69±0.59 7.59±0.01 35.93±0.09 16.15±0.01 1.43±0.46 
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Table B-11 Test cycle M-2 

Description Data Comments 

Client treatment system BIO-SEA  

Salinity (PSU) 35.9  

Retention tank no. B  

Test cycle M-2  

System cleaned before inlet Yes  

Date and time inlet start 2011.09.22 11:19  

Date and time inlet stop 2011.09.22 11:44  

Flow during inlet (average)  507 m3/h  

Power consumption during inlet 76 kW Provided by BIO-UV 

Treated volume during inlet 208 m3  

App. volume used for treatment 219 m3  

System cleaned before discharge Yes  

Date and time discharge start 2011.09.27 10:55  

Date and time discharge stop 2011.09.27 11:16  

Flow during discharge (average) 504 m3/h  

Power consumption during discharge 76 kW Provided by BIO-UV 

Treated volume during discharge 208 m3  

Use of cultured organisms  Yes Artemia and Tetraselmis 

Filter Filtrex  

UV units 5  

 

Table B-12 Test cycle M-2 

On-line measurements 
DO sat. 

(%) 
pH Salinity 

Temper-

ature 

(C°) 

Turbidity 

(NTU) 

Control inlet (T0) 106.28±0.07 7.98±0.00 35.93±0.01 14.60±0.01 3.66±0.20 

BIO-SEA inlet (T0) 106.04±0.19 7.99±0.00 35.93±0.00 14.71±0.01 6.68±1.66 

BIO-SEA 1st treatment (T0) 106.81±0.22 7.92±0.01 35.83±0.01 14.85±0.01 5.62±0.58 

BIO-SEA inlet (T5) 82.60±0.40 7.69±0.00 35.96±0.01 15.91±0.00 2.48±0.76 

BIO-SEA 2nd treatment (T5) 83.97±0.71 7.63±0.00 35.87±0.00 16.03±0.00 2.89±0.42 

Control discharge (T5) 77.69±0.59 7.59±0.01 35.93±0.09 16.15±0.01 1.43±0.46 
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Figure B-5 BIO-SEA test cycles M-1 and M-2 inlet  

 

Figure B-6 BIO-SEA test cycles M-1 and M-2 discharge  
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Table B-13 Test cycle B-5 

Description Data Comments 

Client treatment system BIO-SEA  

Salinity (PSU) 17.4  

Retention tank no. B  

Test cycle B-5  

System cleaned before inlet Yes  

Date and time inlet start 2011.10.06 10:19  

Date and time inlet stop 2011.10.06 10:45  

Flow during inlet (average)  514 m3/h  

Power consumption during inlet 115 kW Provided by BIO-UV 

Treated volume during inlet 208 m3  

App. volume used for treatment 229 m3  

System cleaned before discharge Yes  

Date and time discharge start 2011.10.11 10:25  

Date and time discharge stop 2011.10.11 10:46  

Flow during discharge (average) 506 m3/h  

Power consumption during discharge 115 kW Provided by BIO-UV 

Treated volume during discharge 208 m3  

Use of cultured organisms  Yes Artemia and Tetraselmis 

Filter Filtrex  

UV units 5  

 

Table B-14 Test cycle B-5 

On-line measurements 
DO sat. 

(%) 
pH Salinity 

Temper-

ature 

(C°) 

Turbidity 

(NTU) 

Control inlet (T0) 98.59±0.07 8.12±0.00 17.41±0.00 14.83±0.00 38.16±0.78 

BIO-SEA inlet (T0) 98.80±0.13 8.13±0.00 17.40±0.00 14.89±0.01 37.58±0.68 

BIO-SEA 1st treatment (T0) 99.03±0.33 8.07±0.00 17.39±0.00 15.06±0.01 36.71±1.73 

BIO-SEA inlet (T5) 83.33±0.63 8.00±0.00 17.40±0.00 12.58±0.00 28.06±2.07 

BIO-SEA 2nd treatment (T5) 85.08±2.37 7.93±0.00 17.39±0.02 12.74±0.13 28.08±1.29 

Control discharge (T5) 81.47±1.13 7.95±0.00 17.41±0.01 12.57±0.03 29.36±1.73 
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Figure B-7 BIO-SEA test cycles B-5 inlet 

 

Figure B-8 BIO-SEA test cycles B-5 discharge 
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Table B-15 Test cycle B-6 

Description Data Comments 

Client treatment system BIO-SEA  

Salinity (PSU) 18.0  

Retention tank no. C  

Test cycle B-6  

System cleaned before inlet Yes  

Date and time inlet start 2011.10.13 09:12  

Date and time inlet stop 2011.10.13 09:38  

Flow during inlet (average) 514 m3/h  

Power consumption during inlet 115 kW Provided by BIO-UV 

Treated volume during inlet 221 m3  

App. volume used for treatment 228 m3  

System cleaned before discharge Yes  

Date and time discharge start 2011.10.18 08:09  

Date and time discharge stop 2011.10.18 08:33  

Flow during discharge (average) 507 m3/h  

Power consumption during discharge 115 kW Provided by BIO-UV 

Treated volume during discharge 221 m3  

Use of cultured organisms Yes Artemia and Tetraselmis 

Filter Filtrex  

UV units 5  

 

Table B-16 Test cycle B-6 

On-line measurements 
DO sat. 

(%) 
pH Salinity 

Temper-

ature 

(C°) 

Turbidity 

(NTU) 

Control inlet (T0) 98.13±0.51 8.09±0.00 18.04±0.00 11.14±0.08 33.13±1.06 

BIO-SEA inlet (T0) 98.07±0.13 8.07±0.01 18.04±0.00 11.21±0.01 33.26±0.58 

BIO-SEA 1st treatment (T0) 98.46±0.62 8.00±0.01 18.03±0.00 11.37±0.02 34.46±0.39 

BIO-SEA inlet (T5) 86.26±1.21 7.80±0.01 18.03±0.02 10.88±0.00 31.56±7.73 

BIO-SEA 2nd treatment (T5) 87.76±3.15 7.74±0.03 17.96±0.03 11.05±0.03 27.89±1.33 

Control discharge (T5) 80.59±2.78 7.72±0.02 18.04±0.02 11.68±0.20 29.83±1.85 
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Figure B-9 BIO-SEA test cycle B-6 inlet  

 

Figure B-10 BIO-SEA test cycle B-6 discharge  
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Table B-17 Test cycle M-3 

Description Data Comments 

Client treatment system BIO-SEA  

Salinity (PSU) 33.9  

Retention tank no. C  

Test cycle M-3  

System cleaned before inlet Yes  

Date and time inlet start 2011.10.20 09:04  

Date and time inlet stop 2011.10.20 09:31  

Flow during inlet (average) 507 m3/h  

Power consumption during inlet 78 kW Provided by BIO-UV 

Treated volume during inlet 224 m3  

App. volume used for treatment 236 m3  

System cleaned before discharge Yes  

Date and time discharge start 2011.10.25 09:49  

Date and time discharge stop 2011.10.25 10:11  

Flow during discharge (average) 507 m3/h  

Power consumption during discharge 80 kW Provided by BIO-UV 

Treated volume during discharge 224 m3  

Use of cultured organisms Yes Artemia and Tetraselmis 

Filter Filtrex  

UV units 5  

 

Table B-18 Test cycle M-3 

On-line measurements 
DO sat. 

(%) 
pH Salinity 

Temper-

ature 

(C°) 

Turbidity 

(NTU) 

Control inlet (T0) 99.87±0.06 8.06±0.00 33.84±0.07 9.66±0.01 1.07±0.22 

BIO-SEA inlet (T0) 100.15±0.32 8.04±0.01 33.86±0.00 9.71±0.01 1.70±0.60 

BIO-SEA 1st treatment (T0) 100.97±0.91 7.95±0.04 33.79±0.01 9.79±0.13 2.76±0.66 

BIO-SEA inlet (T5) 89.55±0.94 7.89±0.00 33.85±0.01 9.66±0.00 1.28±1.50 

BIO-SEA 2nd treatment (T5) 91.76±1.44 7.79±0.02 33.78±0.01 9.77±0.01 1.44±0.45 

Control discharge (T5) 89.66±0.36 7.86±0.01 33.85±0.02 9.95±0.00 1.75±1.29 
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Figure B-11 BIO-SEA test cycles M-3 inlet 

 

Figure B-12 BIO-SEA test cycles M-3 discharge  
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Table B-19 Test cycle M-4 

Description Data Comments 

Client treatment system BIO-SEA  

Salinity (PSU) 36.4  

Retention tank no. C  

Test cycle M-4  

System cleaned before inlet Yes  

Date and time inlet start 2011.10.27 09:09  

Date and time inlet stop 2011.10.27 09:35  

Flow during inlet (average) 508 m3/h  

Power consumption during inlet 80 kW Provided by BIO-UV 

Treated volume during inlet 220 m3  

App. volume used for treatment 228 m3  

System cleaned before discharge Yes  

Date and time discharge start 2011.11.01 08:33  

Date and time discharge stop 2011.11.01 08:55  

Flow during discharge (average) 507 m3/h  

Power consumption during discharge 82 kW Provided by BIO-UV 

Treated volume during discharge 220 m3  

Use of cultured organisms Yes Artemia and Tetraselmis 

Filter Filtrex  

UV units 5  

 

Table B-20 Test cycle M-4 

On-line measurements 
DO sat. 

(%) 
pH Salinity 

Temper-

ature 

(C°) 

Turbidity 

(NTU) 

Control inlet (T0) 86.33±0.11 7.94±0.01 36.39±0.01 10.27±0.01 1.49±0.20 

BIO-SEA inlet (T0) 86.34±0.18 7.93±0.01 36.40±0.00 10.32±0.00 2.22±0.67 

BIO-SEA 1st treatment (T0) 88.32±0.72 7.83±0.02 36.33±0.01 10.41±0.01 2.89±0.17 

BIO-SEA inlet (T5) 84.73±0.80 7.81±0.00 36.36±0.01 10.38±0.01 1.02±1.04 

BIO-SEA 2nd treatment (T5) 84.63±0.54 7.75±0.01 36.29±0.01 10.50±0.00 1.50±0.24 

Control discharge (T5) 80.71±2.00 7.83±0.01 36.28±0.03 10.33±0.00 0.62±2.14 
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Table B-21 Test cycle M-5 

Description Data Comments 

Client treatment system BIO-SEA  

Salinity (PSU) 36.4  

Retention tank no. B  

Test cycle M-5  

System cleaned before inlet Yes  

Date and time inlet start 2011.10.27 11:16  

Date and time inlet stop 2011.10.27 11:42  

Flow during inlet (average) 507 m3/h  

Power consumption during inlet 80 kW Provided by BIO-UV 

Treated volume during inlet 212 m3  

App. volume used for treatment 232 m3  

System cleaned before discharge Yes  

Date and time discharge start 2011.11.01 10:28  

Date and time discharge stop 2011.11.01 10:50  

Flow during discharge (average) 507 m3/h  

Power consumption during discharge 82 kW Provided by BIO-UV 

Treated volume during discharge 212 m3  

Use of cultured organisms Yes Artemia and Tetraselmis 

Filter Filtrex  

UV units 5  

 

Table B-22 Test cycle M-5 

On-line measurements 
DO sat. 

(%) 
pH Salinity 

Temper-

ature 

(C°) 

Turbidity 

(NTU) 

Control inlet (T0) 86.33±0.11 7.94±0.01 36.39±0.01 10.27±0.01 1.49±0.20 

BIO-SEA inlet (T0) 88.47±1.04 7.96±0.00 36.38±0.00 10.33±0.01 2.17±0.51 

BIO-SEA 1st treatment (T0) 89.99±0.95 7.88±0.00 36.32±0.01 10.44±0.01 2.93±0.07 

BIO-SEA inlet (T5) 83.68±0.82 7.86±0.00 36.37±0.01 10.46±0.00 1.11±0.65 

BIO-SEA 2nd treatment (T5) 84.48±0.81 7.77±0.00 36.30±0.00 10.58±0.01 1,77±0.78 

Control discharge (T5) 80.71±2.00 7.83±0.01 36.28±0.03 10.33±0.00 0.62±2.14 
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Figure B-13 BIO-SEA test cycles M-4 and M-5 inlet  

 

Figure B-14 BIO-SEA test cycles M-4 and M-5 discharge  
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A P P E N D I X  C  

Test results for physical and chemical properties of treated water and bi-

ological efficacy analysis in land-based testing 
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Brackish water tests 

Table C-1 Dissolved organic carbon (DOC) (mg/L) 

Facility Position FR1 FR2 FR3 Average SD IMO 

Test cycle B-1 

Control Inlet 5.49 5.53 5.58 5.53 0.05 >5 

BIO-SEA Inlet 5.60 5.44 5.60 5.55 0.09 >5 

BIO-SEA 2nd treatment T5 5.42 5.29 5.18 5.30 0.12 - 

Control T5 5.04 5.03 4.90 4.99 0.08 - 

Test cycle B-2 

Control Inlet 5.49 5.53 5.58 5.53 0.05 >5 

BIO-SEA Inlet 5.54 5.57 5.51 5.54 0.03 >5 

BIO-SEA 2nd treatment T5 5.28 5.16 5.13 5.19 0.08 - 

Control T5 5.04 5.03 4.90 4.99 0.08 - 

Test cycle B-3 

Control Inlet 4.95 4.91 4.84 4.90 0.05 >5 

BIO-SEA Inlet 5.06 5.01 4.85 4.97 0.11 >5 

BIO-SEA 2nd treatment T5 5.06 5.01 4.98 5.02 0.04 - 

Control T5 4.45 4.57 4.44 4.48 0.07 - 

Test cycle B-4 

Control Inlet 4.95 4.91 4.84 4.90 0.05 >5 

BIO-SEA Inlet 4.88 4.88 4.89 4.88 0.005 >5 

BIO-SEA 2nd treatment T5 4.82 3.97 4.81 4.53 0.49 - 

Control T5 4.45 4.57 4.44 4.48 0.07 - 

Test cycle B-5 

Control Inlet 4.95 4.65 4.68 4.76 0.16 >5 

BIO-SEA Inlet 4.77 4.70 4.71 4.73 0.04 >5 

BIO-SEA 2nd treatment T5 4.14 4.26 4.32 4.24 0.09 - 

Control T5 4.28 4.17 4.22 4.22 0.05 - 

Test cycle B-6 

Control Inlet 6.11 6.11 5.95 6.06 0.09 >5 

BIO-SEA Inlet 5.91 6.21 5.73 5.95 0.24 >5 

BIO-SEA 2nd treatment T5 5.86 5.68 4.57 5.37 0.70 - 

Control T5 5.51 5.52 5.73 5.59 0.13 - 
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Table C-2 Particulate organic carbon (POC) (mg/L) 

Facility Position FR1 FR2 FR3 Average SD IMO 

Test cycle B-1 

Control Inlet 6.35 6.11 6.09 6.18 0.15 >5 

BIO-SEA Inlet 6.25 6.24 6.29 6.26 0.03 >5 

BIO-SEA 2nd treatment T5 2.64 2.68 2.71 2.68 0.03 - 

Control T5 3.67 3.23 4.21 3.70 0.49 - 

Test cycle B-2 

Control Inlet 6.35 6.11 6.09 6.18 0.15 >5 

BIO-SEA Inlet 6.35 6.21 6.13 6.23 0.11 >5 

BIO-SEA 2nd treatment T5 2.58 2.75 2.84 2.73 0.13 - 

Control T5 3.67 3.23 4.21 3.70 0.49 - 

Test cycle B-3 

Control Inlet 6.31 6.57 6.22 6.37 0.18 >5 

BIO-SEA Inlet 6.04 6.04 5.93 6.00 0.06 >5 

BIO-SEA 2nd treatment T5 1.93 1.85 2.10 1.96 0.12 - 

Control T5 3.99 3.14 2.99 3.37 0.54 - 

Test cycle B-4 

Control Inlet 6.31 6.57 6.22 6.37 0.18 >5 

BIO-SEA Inlet 6.73 6.35 6.19 6.42 0.28 >5 

BIO-SEA 2nd treatment T5 2.36 3.55 2.47 2.79 0.66 - 

Control T5 3.99 3.14 2.99 3.37 0.54 - 

Test cycle B-5 

Control Inlet 6.34 6.74 6.38 6.49 0.22 >5 

BIO-SEA Inlet 5.63 6.26 6.50 6.13 0.45 >5 

BIO-SEA 2nd treatment T5 4.14 3.04 3.73 3.64 0.56 - 

Control T5 4.81 3.98 4.61 4.47 0.44 - 

Test cycle B-6 

Control Inlet 4.88 6.01 7.14 6.01 1.13 >5 

BIO-SEA Inlet 5.95 5.38 6.42 5.92 0.52 >5 

BIO-SEA 2nd treatment T5 2.45 2.23 3.60 2.76 0.74 - 

Control T5 3.02 2.73 2.68 2.81 0.19 - 
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Table C-3 Total suspended solids (TSS) (mg/L) 

Facility Position FR1 FR2 FR3 Average SD IMO 

Test cycle B-1 

Control Inlet 54.7 55.7 53.0 54.5 1.38 >50 

BIO-SEA Inlet 54.7 55.3 54.1 54.7 0.61 >50 

BIO-SEA 1sr treatment T0 44.8 53.4 51.0 49.7 4.43 - 

BIO-SEA 2nd treatment T5 30.5 28.5 27.4 28.8 1.56 - 

Control T5 41.2 36.0 36.4 37.9 2.93 - 

Test cycle B-2 

Control Inlet 54.7 55.7 53.0 54.5 1.38 >50 

BIO-SEA Inlet 49.2 55.1 61.2 55.2 5.99 >50 

BIO-SEA 1sr treatment T0 48.8 54.7 55.8 53.1 3.78 - 

BIO-SEA 2nd treatment T5 31.6 32.4 31.2 31.7 0.59 - 

Control T5 41.2 36.0 36.4 37.9 2.93 - 

Test cycle B-3 

Control Inlet 47.5 48.2 51.2 49.0 1.95 >50 

BIO-SEA Inlet 51.1 50.8 49.0 50.3 1.15 >50 

BIO-SEA 1sr treatment T0 48.9 49.0 50.1 49.3 0.66 - 

BIO-SEA 2nd treatment T5 26.6 27.4 26.0 26.7 0.67 - 

Control T5 43.3 41.1 34.5 39.6 4.56 - 

Test cycle B-4 

Control Inlet 47.5 48.2 51.2 49.0 1.95 >50 

BIO-SEA Inlet 51.4 49.9 48.8 50.1 1.32 >50 

BIO-SEA 1sr treatment T0 49.5 48.6 50.0 49.4 0.69 - 

BIO-SEA 2nd treatment T5 30.1 29.2 28.2 29.1 0.96 - 

Control T5 43.3 41.1 34.5 39.6 4.56 - 

Test cycle B-5 

Control Inlet - 60.8 63.8 62.3 2.12 >50 

BIO-SEA Inlet 55.8 56.6 58.5 57.0 1.37 >50 

BIO-SEA 1sr treatment T0 55.0 57.7 57.2 56.6 1.46 - 

BIO-SEA 2nd treatment T5 46.1 40.1 38.5 41.6 4.01 - 

Control T5 48.1 45.7 - 46.9 1.70 - 

Test cycle B-6 

Control Inlet 59.1 55.7 59.0 57.9 1.94 >50 

BIO-SEA Inlet 55.9 55.2 55.2 55.4 0.44 >50 

BIO-SEA 1sr treatment T0 54.7 53.7 57.0 55.1 1.71 - 

BIO-SEA 2nd treatment T5 45.1 40.2 40.6 42.0 2.72 - 

Control T5 47.8 45.8 42.8 45.5 2.47 - 
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Table C-4 Heterotrophic bacteria (CFU/mL) 

Facility Position FR1 FR2 FR3 Average SD IMO 

Test cycle B-1 

Control/ 
BIO-SEA 

Inlet 54,100 31,800 64,500 50,133 16,707 >10,000 

BIO-SEA 1sr treatment T0 99.0 50.0 36.5 61.8 32.9 - 

BIO-SEA 2nd treatment T5 160 79.0 49.0 95.8 57.1 - 

Control T5 108,750 108,000 127,000 114,583 10,760 - 

Test cycle B-2 

Control/ 
BIO-SEA 

Inlet 54,100 31,800 64,500 50,133 16,707 >10,000 

BIO-SEA 1sr treatment T0 55.0 36.0 19.0 36.7 18.0 - 

BIO-SEA 2nd treatment T5 46.0 31.0 24.0 33.7 11.2 - 

Control T5 108,750 108,000 127,000 114,583 10,760 - 

Test cycle B-3 

Control/ 
BIO-SEA 

Inlet 26,150 33,600 40,900 33,550 7,315 >10,000 

BIO-SEA 1sr treatment T0 216 130 140 162 47.1 - 

BIO-SEA 2nd treatment T5 255 145 295 232 77.7 - 

Control T5 227,000 245,000 236,500 236,167 9,005 - 

Test cycle B-4 

Control/ 
BIO-SEA 

Inlet 26,150 33,600 40,900 33,550 7,315 >10,000 

BIO-SEA 1sr treatment T0 86.0 62.0 35.0 61.0 25.5 - 

BIO-SEA 2nd treatment T5 142 92.0 93.0 109 28.6 - 

Control T5 227,000 245,000 236,500 236,167 9,005 - 

Test cycle B-5 

Control/ 
BIO-SEA 

Inlet 47,950 48,600 42,700 46,417 3235 >10,000 

BIO-SEA 1sr treatment T0 22.0 20.0 19.0 20.3 1.53 - 

BIO-SEA 2nd treatment T5 45.0 28.0 24.0 32.3 11.2 - 

Control T5 114,000 118,000 128,000 120,000 7211 - 

Test cycle B-6 

Control/ 
BIO-SEA 

Inlet 37,700 44,100 43,200 41,667 3,465 >10,000 

BIO-SEA 1sr treatment T0 92.0 123 85.0 99.8 19.9 - 

BIO-SEA 2nd treatment T5 112 70.0 43.0 75.0 34.8 - 

Control T5 >200,000 >200,000 >200,000 >200,000 0 - 
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Table C-5 E. coli (CFU/100 mL) 

Facility Position FR1 FR2 FR3 Average SD IMO 

Test cycle B-1 

Control/ 
BIO-SEA 

Inlet 10.00 4.50 8.00 7.50 2.78 - 

BIO-SEA 2nd treatment T5 <1.00 <1.00 <1.00 <1.00 0.00 <250 

Control T5 12.00 12.00 26.00 16.67 8.08 - 

Test cycle B-2 

Control/ 
BIO-SEA 

Inlet 10.00 4.50 8.00 7.50 2.78 - 

BIO-SEA 2nd treatment T5 <1.00 <1.00 <1.00 <1.00 0.00 <250 

Control T5 12.00 12.00 26.00 16.67 8.08 - 

Test cycle B-3 

Control/ 
BIO-SEA 

Inlet 12.00 6.50 18.0 12.17 5.75 - 

BIO-SEA 2nd treatment T5 <1.00 <1.00 <1.00 <1.00 0.00 <250 

Control T5 34.00 18.00 24.00 25.33 8.08  

Test cycle B-4 

Control/ 
BIO-SEA 

Inlet 12.00 6.50 18.0 12.17 5.75 - 

BIO-SEA 2nd treatment T5 <1.00 <1.00 <1.00 <1.00 0.00 <250 

Control T5 34.00 18.00 24.00 25.33 8.08 - 

Test cycle B-5 

Control/ 
BIO-SEA 

Inlet 34.00 44.5 28.0 35.50 8.35 - 

BIO-SEA 2nd treatment T5 <1.00 <1.00 <1.00 <1.00 0.00 <250 

Control T5 93.00 70.00 77.00 80.00 11.79 - 

Test cycle B-6 

Control/ 
BIO-SEA 

Inlet 212.00 210.00 308.00 243.33 56.01 - 

BIO-SEA 2nd treatment T5 <1.00 <1.00 <1.00 <1.00 0.00 <250 

Control T5 2,420 2,420 2,420 2,420 0 - 
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Table C-6 Enterococci (CFU/100 mL) 

Facility Position FR1 FR2 FR3 Average SD IMO 

Test cycle B-1 

Control/ 
BIO-SEA 

Inlet >2,420 >2,420 1,046 1,962 793.28 - 

BIO-SEA 2nd treatment T5 2.00 <1.00 <1.00 1.33 0.58 <100 

Control T5 727 1,553 596 959 519 - 

Test cycle B-2 

Control/ 
BIO-SEA 

Inlet >2,420 >2,420 1,046 1,962 793.28 - 

BIO-SEA 2nd treatment T5 <1.00 <1.00 <1.00 <1.00 0.00 <100 

Control T5 727 1,553 596 959 519 - 

Test cycle B-3 

Control/ 
BIO-SEA 

Inlet 461 579 435 491.67 76.74 - 

BIO-SEA 2nd treatment T5 <1.00 <1.00 <1.00 <1.00 0.00 <100 

Control T5 1,083 1,203 980 1,089 112 - 

Test cycle B-4 

Control/ 
BIO-SEA 

Inlet 461 579 435 491.67 76.74 - 

BIO-SEA 2nd treatment T5 <1.00 <1.00 <1.00 <1.00 0.00 <100 

Control T5 1,083 1,203 980 1,089 112 - 

Test cycle B-5 

Control/ 
BIO-SEA 

Inlet 90 345 579 338 244.58 - 

BIO-SEA 2nd treatment T5 <1.00 <1.00 <1.00 <1.00 0.00 <100 

Control T5 58 42 35 45 12 - 

Test cycle B-6 

Control/ 
BIO-SEA 

Inlet 130 579 275 328 229.14  

BIO-SEA 2nd treatment T5 <1.00 <1.00 <1.00 <1.00 0.00 <100 

Control T5 61 56 58 58 2  
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Table C-7 Vibrio cholerae (CFU/100 mL) 

Facility Position FR1 FR2 FR3 Average SD IMO 

Test cycle B-1 

BIO-SEA 2nd treatment T5 Negative Negative Negative Negative - <1 

Control T5 Negative Negative Negative Negative - - 

Test cycle B-2 

BIO-SEA 2nd treatment T5 Negative Negative Negative Negative - <1 

Control T5 Negative Negative Negative Negative - - 

Test cycle B-3 

BIO-SEA 2nd treatment T5 Negative Negative Negative Negative - <1 

Control T5 Negative Negative Negative Negative - - 

Test cycle B-4 

BIO-SEA 2nd treatment T5 Negative Negative Negative Negative - <1 

Control T5 Negative Negative Negative Negative - - 

Test cycle B-5 

BIO-SEA 2nd treatment T5 Negative Negative Negative Negative - <1 

Control T5 Negative Negative Negative Negative - - 

Test cycle B-6 

BIO-SEA 2nd treatment T5 Negative Negative Negative Negative - <1 

Control T5 Negative Negative Negative Negative - - 
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Table C-8 Primary production (DPM) 

Facility Position FR1 FR2 FR3 Average SD 

Test cycle B-1 

Control/ BIO-SEA Inlet 5,475 4,585 4,879 4,979.3 453.9 

BIO-SEA 1st treatment T0 24.1 20.7 24.6 23.1 2.1 

BIO-SEA 2nd treatment T5 2.19 0.25 0.00E+00 0.81 1.2 

Control T5 577 639 839 685 137 

Test cycle B-2 

Control/ BIO-SEA Inlet 5,475 4,585 4,879 4,979.3 453.9 

BIO-SEA 1st treatment T0 42.1 45.7 54.3 47.4 6.31 

BIO-SEA 2nd treatment T5 2.85 0.44 0.00E+00 1.09 1.53 

Control T5 577 639 839 685 137 

Test cycle B-3 

Control/ BIO-SEA Inlet 5,424 4,847 5,370 5,213.7 318.7 

BIO-SEA 1st treatment T0 75.5 60.7 62.3 66.1 8.13 

BIO-SEA 2nd treatment T5 0.28 0.00 0.00 0.09 0.16 

Control T5 897 858 1,348 1,034 272 

Test cycle B-4 

Control/ BIO-SEA Inlet 5,424 4,847 5,370 5,213.7 318.7 

BIO-SEA 1st treatment T0 187 147 150 161 22.1 

BIO-SEA 2nd treatment T5 0.81 0.00 0.97 0.59 0.52 

Control T5 897 858 1,348 1,034 272 

Test cycle B-5 

Control/ BIO-SEA Inlet 3,507 3,342 3,422 3,423.7 82.5 

BIO-SEA 1st treatment T0 98 66.8 77 80.6 15.9 

BIO-SEA 2nd treatment T5 7.56 5.22 19.5 10.8 7.67 

Control T5 1,208 1,265 1,216 1,230 31.3 

Test cycle B-6 

Control/ BIO-SEA Inlet 1,691 1,459 1,584 1,578 116.1 

BIO-SEA 1st treatment T0 42.8 47.4 42.9 44.4 2.67 

BIO-SEA 2nd treatment T5 1.55 2.18 1.82 1.85 0.32 

Control T5 1,301 1,056 1,068 1,142 138 
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Table C-9 Number of organisms  ≥10 and <50 µm (Lugol’s solution) (organisms/mL) 

Facility Position FR1 FR2 FR3 Average SD IMO 

Test cycle B-1 

Control/ 
BIO-SEA 

Inlet 908 1,520 921 1,116 349.6 >1,000 

Test cycle B-2 

Control/ 
BIO-SEA 

Inlet 908 1,520 921 1,116 349.6 >1,000 

Test cycle B-3 

Control/ 
BIO-SEA 

Inlet 5,140 4,202 4,649 4,664 469.2 >1,000 

Test cycle B-4 

Control/ 
BIO-SEA 

Inlet 5,140 4,202 4,649 4,664 469.2 >1,000 

Test cycle B-5 

Control/ 
BIO-SEA 

Inlet 1,895 1,910 1,937 1,914 21.3 >1,000 

Test cycle B-6 

Control/ 
BIO-SEA 

Inlet 1,147 995 984 1,042 91.1 >1,000 
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Table C-10 Number of organisms ≥10 and <50 µm (MPN) in brackish water (organisms/mL) 

Facility Position FR1 FR2 FR3 Average SD IMO 

Test cycle B-1 

Control/ 
BIO-SEA 

Inlet 1,300 9,200 16,000 8,833 7,356.9 >1,000 

BIO-SEA 2nd treatment T5 <0.18 <0.18 <0.18 <0.18 0.00 <10 

Control T5 240 170 280 230 55.68 >100 

Test cycle B-2 

Control/ 
BIO-SEA 

Inlet 1,300 9,200 16,000 8,833 7,356.9 >1,000 

BIO-SEA 2nd treatment T5 <0.18 <0.18 <0.18 <0.18 0.00 <10 

Control T5 240 170 280 230 55.68 >100 

Test cycle B-3 

Control/ 
BIO-SEA 

Inlet 3,500 3,500 5,400 4,133 1,097 > 1000 

BIO-SEA 2nd treatment T5 <0.18 <0.18 <0.18 <0.18 0.00 <10 

Control T5 1,600 >1,600 >1,600 >1,600 0.00 >100 

Test cycle B-4 

Control/ 
BIO-SEA 

Inlet 3,500 3,500 5,400 4,133 1097 >1,000 

BIO-SEA 2nd treatment T5 0.20 <0.18 <0.18 0.19 0.01 <10 

Control T5 1,600 > 1,600 >1,600 >1,600 0.00 >100 

Test cycle B-5 

Control/ 
BIO-SEA 

Inlet 9,200 5,400 9,200 7,933 2,193.9 >1,000 

BIO-SEA 2nd treatment T5 0.20 <0.18 <0.18 0.19 0.01 <10 

Control T5 >1,600 1,600 540 1,247 611.99 >100 

Test cycle B-6 

Control/ 
BIO-SEA 

Inlet >16,000 2,400 9,200 9,200 6,800 >1,000 

BIO-SEA 2nd treatment T5 0.68 0.40 0.45 0.51 0.15 <10 

Control T5 >1,600 1,600 >1,600 1,600 0.00 >100 
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Table C-11 Number of organisms ≥50 µm (organisms/m3) 

Facility Position FR1 FR2 FR3 Average SD IMO 

Test cycle B-1 

Control Inlet 126,667 187,067 86,167 133,300 50,776 >100,000 

BIO-SEA Inlet 77,333 185,500 218,500 160,445 73,843 >100,000 

BIO-SEA 1sr treatment T0 36.0 32.0 25.0 31.0 5.57 - 

BIO-SEA 2nd treatment T5 0.00 0.00 1.25 0.42 0.72 <10 

Control T5 48,960 53,250 51,100 51,103 2,145 >100 

Test cycle B-2 

Control Inlet 126,667 187,067 86,167 133,300 50,776 >100,000 

BIO-SEA Inlet 200667 73,500 129,000 134,389 63,754 >100,000 

BIO-SEA 1sr treatment T0 31.4 55.0 65.0 50.5 17.2 - 

BIO-SEA 2nd treatment T5 1.25 0.00 0.00 0.42 0.72 <10 

Control T5 48,960 53,250 51,100 51,103 2,145 >100 

Test cycle B-3 

Control Inlet 156,100 139,747 121,018 138,955 17,554 >100,000 

BIO-SEA Inlet 159,467 152,000 149,120 153,529 5,340 >100,000 

BIO-SEA 1sr treatment T0 40.0 43.3 63.3 48.9 12.6 - 

BIO-SEA 2nd treatment T5 3.33 3.33 3.33 3.33 0.00 <10 

Control T5 45,240 35,933 25,333 35,502 9,960 >100 

Test cycle B-4 

Control Inlet 156,100 139,747 121,018 138,955 17,554 >100,000 

BIO-SEA Inlet 112,618 178,400 153,520 148,179 33,215 >100,000 

BIO-SEA 1sr treatment T0 26.7 30.0 33.3 30.0 3.33 - 

BIO-SEA 2nd treatment T5 3.33 0.00 6.67 3.33 3.33 <10 

Control T5 45,240 35,933 25,333 35,502 9,960 >100 

Test cycle B-5 

Control Inlet 131,487 131,580 275,000 179,356 82,831 >100,000 

BIO-SEA Inlet 203,840 138,960 179,920 174,240 32,811 >100,000 

BIO-SEA 1sr treatment T0 35.0 45.0 15.0 31.7 15.3 - 

BIO-SEA 2nd treatment T5 0.00 0.00 0.00 0.00 0.00 <10 

Control T5 71,458 80,654 68,024 73,379 6530 >100 

Test cycle B-6 

Control Inlet 140,533 135,700 151,300 142,511 7,986 >100,000 

BIO-SEA Inlet 163,773 146,160 149,100 153,011 9,436 >100,000 

BIO-SEA 1sr treatment T0 45.0 30.0 22.5 32.5 11.5 - 

BIO-SEA 2nd treatment T5 0.00 0.00 5.00 1.67 2.89 <10 

Control T5 92,033 78,400 82,800 84,411 6,958 >100 
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Marine water tests 

Table C-12 Dissolved organic carbon (DOC) (mg/L) 

Facility Position FR1 FR2 FR3 Average SD IMO 

Test cycle M-1 

Control Inlet 3.35 3.24 3.22 3.27 0.07 >1 

BIO-SEA Inlet 3.32 3.22 3.15 3.23 0.09 >1 

BIO-SEA 2nd treatment T5 3.55 3.57 3.56 3.56 0.008 - 

Control T5 3.45 3.42 3.42 3.43 0.02 - 

Test cycle M-2 

Control Inlet 3.35 3.24 3.22 3.27 0.07 >1 

BIO-SEA Inlet 3.22 3.20 3.28 3.23 0.04 >1 

BIO-SEA 2nd treatment T5 3.41 3.68 3.63 3.57 0.15 - 

Control T5 3.45 3.42 3.42 3.43 0.02 - 

Test cycle M-3 

Control Inlet 3.21 3.37 2.39 2.99 0.53 >1 

BIO-SEA Inlet 3.39 3.44 2.62 3.15 0.46 >1 

BIO-SEA 2nd treatment T5 2.49 2.53 2.62 2.54 0.07 - 

Control T5 2.32 3.30 3.44 3.02 0.61 - 

Test cycle M-4 

Control Inlet 2.41 1.94 2.05 2.13 0.25 >1 

BIO-SEA Inlet 2.46 2.18 2.20 2.28 0.16 >1 

BIO-SEA 2nd treatment T5 2.51 2.22 2.41 2.38 0.15 - 

Control T5 2.48 2.24 2.40 2.37 0.12 - 

Test cycle M-5 

Control Inlet 2.41 1.94 2.05 2.13 0.25 >1 

BIO-SEA Inlet 2.08 2.20 2.15 2.14 0.06 >1 

BIO-SEA 2nd treatment T5 2.40 2.31 2.40 2.37 0.05 - 

Control T5 2.48 2.24 2.40 2.37 0.12 - 
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Table C-13 Particulate organic carbon (POC) (mg/L) 

Facility Position FR1 FR2 FR3 Average SD IMO 

Test cycle M-1 

Control Inlet 2.59 2.82 2.75 2.72 0.12 >1 

BIO-SEA Inlet 2.57 2.82 3.05 2.82 0.24 >1 

BIO-SEA 2nd treatment T5 0.42 0.41 0.37 0.40 0.03 - 

Control T5 0.47 0.67 0.49 0.55 0.11 - 

Test cycle M-2 

Control Inlet 2.59 2.82 2.75 2.72 0.12 >1 

BIO-SEA Inlet 2.66 2.93 2.92 2.84 0.16 >1 

BIO-SEA 2nd treatment T5 0.67 0.32 0.41 0.47 0.18 - 

Control T5 0.47 0.67 0.49 0.55 0.11 - 

Test cycle M-3 

Control Inlet 3.18 2.84 3.80 3.27 0.49 >1 

BIO-SEA Inlet 2.70 2.93 3.63 3.09 0.49 >1 

BIO-SEA 2nd treatment T5 2.10 1.95 1.82 1.96 0.14 - 

Control T5 2.52 1.43 1.55 1.84 0.60 - 

Test cycle M-4 

Control Inlet 2.65 3.27 2.89 2.94 0.31 >1 

BIO-SEA Inlet 2.72 2.77 2.83 2.77 0.06 >1 

BIO-SEA 2nd treatment T5 0.65 0.87 0.75 0.76 0.11 - 

Control T5 0.76 0.91 0.99 0.89 0.12 - 

Test cycle M-5 

Control Inlet 2.65 3.27 2.89 2.94 0.31 >1 

BIO-SEA Inlet 3.08 2.81 2.86 2.91 0.14 >1 

BIO-SEA 2nd treatment T5 0.95 1.06 1.06 1.02 0.07 - 

Control T5 0.76 0.91 0.99 0.89 0.12 - 
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Table C-14 Total suspended solids (TSS) (mg/L) 

Facility Position FR1 FR2 FR3 Average SD IMO 

Test cycle M-1 

Control Inlet 14.5 13.9 11.7 13.4 1.51 >1 

BIO-SEA Inlet 12.1 12.6 12.2 12.3 0.26 >1 

BIO-SEA 1st treatment T0 12.0 12.6 12.9 12.5 0.47 - 

BIO-SEA 2nd treatment T5 4.77 4.90 4.67 4.78 0.11 - 

Control T5 4.84 3.76 3.71 4.1 0.64 - 

Test cycle M-2 

Control Inlet 14.5 13.9 11.7 13.4 1.51 >1 

BIO-SEA Inlet 14.5 12.3 13.6 13.5 1.13 >1 

BIO-SEA 1st treatment T0 12.2 13.6 14.1 13.3 0.96 - 

BIO-SEA 2nd treatment T5 5.36 6.11 5.60 5.69 0.38 - 

Control T5 4.84 3.76 3.71 4.1 0.64 - 

Test cycle M-3 

Control Inlet 9.6 9.8 8.79 9.39 0.53 >1 

BIO-SEA Inlet 8.51 9.59 8.83 8.98 0.55 >1 

BIO-SEA 1st treatment T0 8.45 8.21 6.94 7.87 0.81 - 

BIO-SEA 2nd treatment T5 4.02 4.62 2.93 3.86 0.86 - 

Control T5 3.67 3.54 4.62 3.94 0.59 - 

Test cycle M-4 

Control Inlet 9.44 10.0 7.54 8.99 1.29 >1 

BIO-SEA Inlet 9.49 10.2 9.70 9.80 0.37 >1 

BIO-SEA 1st treatment T0 10.2 8.59 8.60 9.13 0.93 - 

BIO-SEA 2nd treatment T5 3.2 3.4 3.73 3.44 0.27 - 

Control T5 4.27 3.6 6 4.62 1.24 - 

Test cycle M-5 

Control Inlet 9.44 10.0 7.54 8.99 1.29 >1 

BIO-SEA Inlet 10.4 10.9 9.39 10.2 0.77 >1 

BIO-SEA 1st treatment T0 9.25 8.50 10.3 9.35 0.91 - 

BIO-SEA 2nd treatment T5 4.67 3.4 3.2 3.76 0.8 - 

Control T5 4.27 3.6 6 4.62 1.24 - 
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Table C-15 Heterotrophic bacteria (CFU/mL) 

Facility Position FR1 FR2 FR3 Average SD IMO 

Test cycle M-1 

Control/ 
BIO-SEA 

Inlet 223,000 295,000 265,000 261,000 36,166.3 >10,000 

BIO-SEA 1sr treatment T0 205 69.0 54.0 109 83.2 - 

BIO-SEA 2nd treatment T5 90.0 54.0 26.0 56.7 32.1 - 

Control T5 186,000 194,000 210,000 196,667 12,220 - 

Test cycle M-2 

Control/ 
BIO-SEA 

Inlet 223,000 295,000 265,000 261,000 36,166.3 >10,000 

BIO-SEA 1sr treatment T0 71.0 43.0 35.0 49.7 18.9 - 

BIO-SEA 2nd treatment T5 56.0 48.0 25.0 43.0 16.1 - 

Control T5 186,000 194,000 210,000 196,667 12,220 - 

Test cycle M-3 

Control/ 
BIO-SEA 

Inlet 755,000 722,500 825,000 767,500 52,380.8 >10,000 

BIO-SEA 1sr treatment T0 733 121 230 361 326 - 

BIO-SEA 2nd treatment T5 39.0 21.0 20.0 26.7 10.7 - 

Control T5 122,750 99,500 139,000 120,417 19,853 - 

Test cycle M-4 

Control/ 
BIO-SEA 

Inlet 114,000 124,500 131,000 123,167 8,578.1 >10,000 

BIO-SEA 1sr treatment T0 178 100 64.0 114 58.3 - 

BIO-SEA 2nd treatment T5 94.0 20.0 18.0 44.0 43.3 - 

Control T5 139,000 145,500 160,000 148,167 10,751 - 

Test cycle M-5 

Control/ 
BIO-SEA 

Inlet 114,000 124,500 131,000 123,167 8,578.1 >10,000 

BIO-SEA 1sr treatment T0 35.0 35.0 28.0 32.7 4.04 - 

BIO-SEA 2nd treatment T5 25.0 13.0 18.0 18.7 6.03 - 

Control T5 139,000 145,500 160,000 148,167 10,751 - 
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Table C-16 E. coli (CFU/100 mL) 

Facility Position FR1 FR2 FR3 Average SD IMO 

Test cycle M-1 

Control/ 
BIO-SEA 

Inlet 138.00 87.5 137 120.83 28.87 - 

BIO-SEA 2nd treatment T5 <1.00 <1.00 <1.00 <1.00 0.00 <250 

Control T5 36.50 50.00 25.00 37.17 12.51 - 

Test cycle M-2 

Control/ 
BIO-SEA 

Inlet 138.00 87.5 137 120.83 28.87 - 

BIO-SEA 2nd treatment T5 <1.00 <1.00 <1.00 <1.00 0.00 <250 

Control T5 36.50 50.00 25.00 37.17 12.51 - 

Test cycle M-3 

Control/ 
BIO-SEA 

Inlet 816.00 631 579 675.33 124.56 - 

BIO-SEA 2nd treatment T5 <1.00 <1.00 <1.00 <1.00 0.00 <250 

Control T5 67.50 83.00 56.00 68.83 13.55  

Test cycle M-4 

Control/ 
BIO-SEA 

Inlet 185.00 172 191 182.67 9.71 - 

BIO-SEA 2nd treatment T5 <1.00 <1.00 <1.00 <1.00 0.00 <250 

Control T5 36.00 50.50 46.00 44.17 7.42 - 

Test cycle M-5 

Control/ 
BIO-SEA 

Inlet 185.00 172 191 182.67 9.71 - 

BIO-SEA 2nd treatment T5 <1.00 <1.00 <1.00 <1.00 0.00 <250 

Control T5 36.00 50.50 46.00 44.17 7.42 - 
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Table C-17 Enterococci (CFU/100 mL) 

Facility Position FR1 FR2 FR3 Average SD IMO 

Test cycle M-1 

Control/ 
BIO-SEA 

Inlet 248 517 457 407 141 - 

BIO-SEA 2nd treatment T5 <1.00 <1.00 <1.00 <1.00 0.00 <100 

Control T5 179 152 99 143 41 - 

Test cycle M-2 

Control/ 
BIO-SEA 

Inlet 248 517 457 407 141 - 

BIO-SEA 2nd treatment T5 <1.00 <1.00 <1.00 <1.00 0.00 <100 

Control T5 179 152 99 143 41 - 

Test cycle M-3 

Control/ 
BIO-SEA 

Inlet 1,986 1,733 1,309 1,676 342 - 

BIO-SEA 2nd treatment T5 <1.00 <1.00 <1.00 <1.00 0.00 <100 

Control T5 >2,420 >2,420 1,553 2,131 501  

Test cycle M-4 

Control/ 
BIO-SEA 

Inlet 387 1,092 687 722 354 - 

BIO-SEA 2nd treatment T5 <1.00 <1.00 <1.00 <1.00 0.00 <100 

Control T5 205 210 172 196 21 - 

Test cycle M-5 

Control/ 
BIO-SEA 

Inlet 387 1,092 687 722 354 - 

BIO-SEA 2nd treatment T5 <1.00 <1.00 <1.00 <1.00 0.00 <100 

Control T5 205 210 172 196 21 - 
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Table C-18 Vibrio cholerae (CFU/100 mL) 

Facility Position FR1 FR2 FR3 Average SD IMO 

Test cycle M-1 

BIO-SEA 2nd treatment T5 Negative Negative Negative Negative - <1 

Control T5 Negative Negative Negative Negative - - 

Test cycle M-2 

BIO-SEA 2nd treatment T5 Negative Negative Negative Negative - <1 

Control T5 Negative Negative Negative Negative - - 

Test cycle M-3 

BIO-SEA 2nd treatment T5 Negative Negative Negative Negative - <1 

Control T5 Negative Negative Negative Negative - - 

Test cycle M-4 

BIO-SEA 2nd treatment T5 Negative Negative Negative Negative - <1 

Control T5 Negative Negative Negative Negative - - 

Test cycle M-5 

BIO-SEA 2nd treatment T5 Negative Negative Negative Negative - <1 

Control T5 Negative Negative Negative Negative - - 
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Table C-19 Primary production (DPM) 

Facility Position FR1 FR2 FR3 Average SD 

Test cycle M-1 

Control/ BIO-SEA Inlet 1,793.6 2,185.1 2,382.6 2,120.4 299.78 

BIO-SEA 1sr treatment T0 15.7 16.7 15.7 16.0 0.56 

BIO-SEA 2nd treatment T5 0.22 3.85 0.51 1.52 2.02 

Control T5 191.3 217.5 194.4 201.0 14.31 

Test cycle M-2 

Control/ BIO-SEA Inlet 1,793.6 2,185.1 2,382.6 2,120.4 299.78 

BIO-SEA 1sr treatment T0 23.3 17.1 15.6 18.7 4.11 

BIO-SEA 2nd treatment T5 7.58 1.59 3.05 4.07 3.12 

Control T5 191.3 217.5 194.4 201.0 14.31 

Test cycle M-3 

Control/ BIO-SEA Inlet 4,304.4 3,870.6 4,486.7 4,220.6 316.49 

BIO-SEA 1sr treatment T0 19.2 11.3 14.9 15.1 3.96 

BIO-SEA 2nd treatment T5 0.51 2.38 0.47 1.12 1.09 

Control T5 1,499.4 1,463.6 1,410.1 1457.7 44.95 

Test cycle M-4 

Control/ BIO-SEA Inlet 1,202.7 1,056.0 1,116.5 1,125.1 73.72 

BIO-SEA 1sr treatment T0 4.03 38.0 17.1 19.7 17.2 

BIO-SEA 2nd treatment T5 3.05 6.18 6.45 5.23 1.89 

Control T5 757.7 672.3 722.9 717.6 42.93 

Test cycle M-5 

Control/ BIO-SEA Inlet 1,202.7 1,056.0 1,116.5 1,125.1 73.72 

BIO-SEA 1sr treatment T0 4.27 0.05 6.37 3.56 3.21 

BIO-SEA 2nd treatment T5 4.49 1.07 3.9 3.15 1.83 

Control T5 757.7 672.3 722.9 717.6 42.93 
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Table C-20 Number of organisms  ≥10 and <50 µm (Lugol’s solution) (organisms/mL) 

Facility Position FR1 FR2 FR3 Average SD IMO 

Test cycle M-1 

Control/ 
BIO-SEA 

Inlet 1,658 2,726 2,184 2,189 534 >1,000 

Test cycle M-2 

Control/ 
BIO-SEA 

Inlet 1,658 2,726 2,184 2,189 534 >1,000 

Test cycle M-3 

Control/ 
BIO-SEA 

Inlet 1,889 2,158 2,116 2,054 145 >1,000 

Test cycle M-4 

Control/ 
BIO-SEA 

Inlet 1,886 1,729 1,767 1,794 82 >1,000 

Test cycle M-5 

Control/ 
BIO-SEA 

Inlet 1,886 1,729 1,767 1,794 82 >1,000 
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Table C-21 Number of organisms ≥10 and <50 µm (MPN) in brackish water (organisms/mL) 

Facility Position FR1 FR2 FR3 Average SD IMO 

Test cycle M-1 

Control/ 
BIO-SEA 

Inlet 5,400 16,000 1,300 7,567 7,586 >1,000 

BIO-SEA 2nd treatment T5 <0.18 0.45 0.20 0.28 0.15 <10 

Control T5 920 540 350 603 290.23 >100 

Test cycle M-2 

Control/ 
BIO-SEA 

Inlet 5,400 16,000 1,300 7,567 7,586 >1,000 

BIO-SEA 2nd treatment T5 <0.18 <0.18 0.20 0.19 0.01 <10 

Control T5 920 540 350 603 290.23 >100 

Test cycle M-3 

Control/ 
BIO-SEA 

Inlet 16,000 5,400 16,000 12,467 6,120 >1,000 

BIO-SEA 2nd treatment T5 0.20 <0.18 <0.18 0.19 0.01 <10 

Control T5 >1,600 >1,600 1,600 >1,600 0.00 >100 

Test cycle M-4 

Control/ 
BIO-SEA 

Inlet 3,500 2,400 3,500 3,133 635 >1,000 

BIO-SEA 2nd treatment T5 <0.18 <0.18 <0.18 <0.18 0.00 <10 

Control T5 >1,600 >1,600 1,600 >1,600 0.00 >100 

Test cycle M-5 

Control/ 
BIO-SEA 

Inlet 3,500 2,400 3,500 3,133 635 >1,000 

BIO-SEA 2nd treatment T5 <0.18 <0.18 <0.18  0.18 0.00 <10 

Control T5 >1,600 >1,600 1,600 >1,600 0.00 >100 
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Table C-22 Number of organisms ≥50 µm (organisms/m3) 

Facility Position FR1 FR2 FR3 Average SD IMO 

Test cycle M-1 

Control Inlet 137,760 137,147 119,173 131,360 10,558 >100,000 

BIO-SEA Inlet 134,200 147,920 114,813 132,311 16,634 >100,000 

BIO-SEA 1sr treatment T0 26.7 10.0 16.7 17.8 8.39 - 

BIO-SEA 2nd treatment T5 0.00 0.00 0.00 0.00 0.00 <10 

Control T5 42,510 41,253 40,612 41,459 966 >100 

Test cycle M-2 

Control Inlet 137,760 137,147 119,173 131,360 10,558 >100,000 

BIO-SEA Inlet 101,640 112,327 117,413 110,460 8,051 >100,000 

BIO-SEA 1sr treatment T0 6.67 23.3 3.33 11.1 10.7 - 

BIO-SEA 2nd treatment T5 0.00 0.00 0.00 0.00 0.00 <10 

Control T5 42,510 41,253 40,612 41,459 966 >100 

Test cycle M-3 

Control Inlet 101,627 130,240 97,240 109,702 17,921 >100,000 

BIO-SEA Inlet 99,013 97,745 119,947 105,569 12,468 >100,000 

BIO-SEA 1sr treatment T0 20.0 20.0 6.67 15.6 7.70 - 

BIO-SEA 2nd treatment T5 0.00 0.00 0.00 0.00 0.00 <10 

Control T5 36,433 20,826 27,699 28,319 7,822 >100 

Test cycle M-4 

Control Inlet 198,000 183,300 126,000 169,100 38,042 >100,000 

BIO-SEA Inlet 142,667 211,600 206,500 186,922 38,411 >100,000 

BIO-SEA 1sr treatment T0 10.0 10.0 25.0 15.0 8.66 - 

BIO-SEA 2nd treatment T5 0.00 0.00 0.00 0.00 0.00 <10 

Control T5 50,520 50,527 34,340 45,129 9,343 >100 

Test cycle M-5 

Control Inlet 198,000 183,300 126,000 169,100 38,042 >100,000 

BIO-SEA Inlet 210,000 219,600 225,400 218,333 7,778 >100,000 

BIO-SEA 1sr treatment T0 7.50 7.50 2.50 5.83 2.89 - 

BIO-SEA 2nd treatment T5 0.00 0.00 0.00 0.00 0.00 <10 

Control T5 50,520 50,527 34,340 45,129 9,343 >100 
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DET NORSKE VERITAS 
MANAGEMENT SYSTEM CERTIFICATE 

Certificate No. 109333-2012-AQ-DEN-DANAK 

This is to certify that 

DHI Group 

has been found to conform to the management system standard: 

DS/EN ISO 9001:2008 

This certificate is valid for the following product or service ranges: 

Consulting, software, research & development and laboratory testing, analysis & products 
within the area of water, environment & health 

 
Locations included in the certification will appear in the appendix. 

 
Place and date:

Hellerup, 2012-01-10
This certificate is valid until: 

2015-01-10 
DET NORSKE VERITAS,  

BUSINESS ASSURANCE, DANMARK A/S 

The audit has been performed under the 
supervision of: 

  
Jan Carsten Schmidt Jens Peter Høiseth 

Lead Auditor 

  DANAK  SYSTEM Reg.nr. 5001 

Managing Director 

Lack of fulfilment of conditions as set out in the Certification Agreement may render this certificate invalid. 
 

Det Norske Veritas, Business Assurance, Danmark A/S 
Tuborg Parkvej 8, 2., DK-2900 Hellerup, Denmark. Tel: +45 39 45 48 00, www.dnv.com / www.dnv.dk 



  

DET NORSKE VERITAS 
APPENDIX TO CERTIFICATE 

This appendix refers to certificate no. 109333-2012-AQ-DEN-DANAK 

DHI Group 

Locations included in the certification are as follows: 
 
Site Address Scope: 

Agern Allé 5 2970 Hørsholm, Denmark 

Consulting, MIKE© by DHI Software Development, 
Sales & Support, Solutions Software Development, 
Research, Development &  Innovation and Laboratory 
Analysis, Testing & Products 

INCUBA Science Park, Gustav Wieds Vej 10 8000 
Århus, Denmark 

Consulting, Solutions Software Development and 
Research, Development &  Innovation 

 
 
 

Place and date:

Hellerup, 2012-01-10
This certificate is valid until: 

2015-01-10 
DET NORSKE VERITAS,  

BUSINESS ASSURANCE, DANMARK A/S 

The audit has been performed under the 
supervision of: 

  

Jan Carsten Schmidt Jens Peter Høiseth 
Lead Auditor 

  DANAK  SYSTEM Reg.nr. 5001 

Managing Director 
 

 

Lack of fulfilment of conditions as set out in the Certification Agreement may render this certificate invalid. 
 

Det Norske Veritas, Business Assurance, Danmark A/S 
Tuborg Parkvej 8, 2., DK-2900 Hellerup, Denmark. Tel: +45 39 45 48 00, www.dnv.com / www.dnv.dk 
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